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Polymer solar cells (PSCs) have been attracting much interest because of their advantages, 
such as lightweight and flexible characters and low-cost manufacturing of large-area devices. Therefore, a 
tremendous amount of donor materials for PSCs have been developed to increase a power-conversion 
efficiency (PCE) of PSCs to a practical level. 
In Chapter 1 and Chapter 2, the author synthesized !-conjugated polymers bearing 
4-substituted phenyl ester pendants, and found that a good linear relationship is observed between the 
HOMO energy levels and the Hammett substituent constants. In Chapter 3, !-conjugated polymers either 
fully or partially containing 4-fluorophenyl pendants, were synthesized as electron donor materials for 
inverted-type PSCs. The author found that the HOMOs and LUMOs of the polymers were deepened 
proportionally and the open-circuit voltages of the PSCs improved with increasing 4-fluorophenyl 
pendant content. Incorporation of 4-fluorophenyl pendants into the polymers also affected the 
crystallinity, orientation, and compatibility with [6,6]-phenyl-C61-butyric acid methyl ester in the active 
layers. The polymers bearing a moderate content of 4-fluorophenyl pendants provided best PSC 
performances. In Chapter 4, the author synthesized !-conjugated polymers bearing optically pure (R)- and 
(S)-2-ethylhexyl pendants, respectively. Optically active polymer films showed apparent circular 
dichroism in their absorption regions of the polymer backbone due to the formation of a chirally ordered 
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PTB7 (R = 2-ethylhexyl)
PCE = 9.21 %, Jsc = 17.46 mA/cm2











































Figure 1. Plots of the HOMO 
energy levels of PTB-based 
polymers against the Hammett 
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Figure 2. Plots of the HOMO energy levels of PDTSTT-based (a) and 








































































































???????? 50%, 75%????????????????? PCE??????????? 



























Polymer Jsc Voc FF PCE(mA·cm-2) (V) (%)
PTB-F0 8.95 0.65 0.39 2.25
PTB-F25 10.75 0.66 0.41 2.88
PTB-F50 10.18 0.67 0.58 3.96
PTB-F75 11.69 0.68 0.50 3.94
PTB-F100 11.18 0.69 0.43 3.27
Tab le 1 . Charac te r i s t i c Proper t ies o f 














Figure 4. Out-of-plane line-cut 
profiles of 2D-GIXD images of PTB-
Fx:PC61BM blend films.





















Figure 3. AFM topographic images of PTB-Fx:PC61BM 





































































































































Figure 5. CD and absorption spectra of the polymers in chlorobenzene (a) and 
in the film states (b).
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